INTRODUCTION
Aquaculture is the agricultural food chain with the greatest global presence among production sectors of animal origin, totalling 722,560 tons in Brazil in 2019. However, one area of research that requires further advance and consolidation in order to meet domestic demand is the area of genetic improvement of aquaculture production.
As a result, in 2008, the Aquabrasil Program (A Technological Base for the Sustainable Development of Aquaculture in Brazil) , coordinated by Embrapa in partnership with the State University of Maringá, began unprecedented genetic improvement of the native species Pseudplatystoma reticulatum, in order to promote technological advancement and boost aquaculture production, and consolidate and foster the regional and export markets (ALBUQUERQUE; PEREIRA; RODRIGUEZ-RODRIGUEZ, 2019) .
Pseudoplatystoma reticulatum, known locally as surubim cachara, is a catfish native to the Paraná-Paraguay basin and the central Amazon region (CREPALDI et al., 2006) . Its feeding preference is carnivorous, and it comes at the top of the food chain in various aquatic habitats of South America's most important river basins (REID, 1983) .
The aquaculture breeding project included wild pairs of P. reticulatum collected over four years (2008 to 2011) from breeding stations on three properties in the state of Mato Grosso and two in the state of Mato Grosso do Sul, with the aim of forming approximately 72 families through artificially induced spawning. The families from the five properties were housed on another property linked to the Aquabrasil research project, located in the municipality of Sorriso, in Mato Grosso, in the district of Primavera do Norte.
A microchip (Passive Integrated Transponder -PIT tag) was implanted in each individual, facilitating identification when obtaining zootechnical information of commercial interest, as well as making possible random rather than directed mating.
Conserving the genetic variability of the groups that make up the cachara breeding program is of paramount importance to avoid high levels of inbreeding during the formation of succeeding generations and to allow genetic gains as selections are made. Microsatellite molecular markers are a commonly used tool for monitoring the genetic variability of populations (GUICHOUX et al., 2011) , as they allow the values of such parameters as the inbreeding coefficient, heterozygosity, allelic frequency and deviations in the Hardy-Weinberg equilibrium to be estimated, among other analyses which help to increase efficiency in defining strategies for the selection of new crosses in breeding programs.
The aim of the present study is to estimate the genetic variability of five groups of P. reticulatum from the satellite centre of the aquaculture breeding program in Brazil.
MATERIAL AND METHODS
A total of 211 caudal-fin samples, each approximately 0.5 cm 2 , were collected and stored in absolute alcohol for further analysis at the Laboratory for Molecular Biology of the State University of Maringá. To identify the origin of each sample, five groups were formed: Mato Grosso I (MT-I), Mato Grosso II (MT-II), Mato Grosso III (MT-III), Mato Grosso do Sul I (MS-I) and Mato Grosso do Sul II (MS-II).
The methodology described by Lopera-Barrero et al. (2008) was used to extract the DNA, where to each fin sample were added 550 µL of lysis buffer (50 mM Tris-HCl, 50 mM EDTA, 100 mM NaCl, 1% SDS) and 10 µL proteinase K (200 µg mL -1 ). The samples were then incubated in a double boiler at 50 °C for 12 h. The DNA was precipitated with 600 µl of 5M NaCl solution and centrifuged for 10 min at 12,000 rpm. The supernatant with DNA was transferred to new microtubes, precipitated with 700 µL absolute ethyl alcohol and incubated for 1 h at -20 °C. Following centrifugation, the DNA was washed with 700 µL 70% ethyl alcohol and resuspended in TE buffer -10 mM Tris pH 8.0 and 1 mM EDTA (80 µL for the fin), sequentially treated with 7 µL RNase (30 µg mL -1 ) in a double boiler at 37 °C for 1 h and stored in a freezer at -20 °C.
DNA quantification was carried using the Shimadzu UV 1601-E.U. spectrophotometer (wavelength 260 nm), and the samples diluted to a concentration of 10 ng µL -1 . DNA integrity was verified by horizontal electrophoresis using 1% agarose gel at 70 V for 120 min.
Image capture employed the L-PIX (LOCCUS Biotechnology) photographic system. Different DNA annealing temperatures were tested for the primers (Loci Ppu01, Ppu02, Ppu04, Ppu09, Ppu10, Ppu15, Pcor01, Pcor05, Pcor08, Pcor10) described by Revaldaves et al. (2005) and Saulo-Machado et al. (2011) for P. corruscans (Pcor) and P. punctifer (Ppu) respectively. The DNA was amplified to a total reaction volume of 11 µL using 8.1 µL Platinum ® PCR SuperMix (Life Technologies, Invitrogen, Carlsbad, CA, USA), 0.9 µL of a solution containing the forward and reverse primers, and 2.0 µL of target DNA.
Genetic variability in Pseudoplatystoma reticulatum from a breeding program in Brazil PCR was carried out under the following conditions: 2 min denaturation at 95 °C, 30 cycles of 2 min at 95 °C, 30 s at specific annealing temperatures for each primer (Table 1) , 30 s at 72 °C and a final extension at 72 °C for 10 min. The DNA samples were then submersed in 10% polycrylamide gel (acrimylamide: bisacrylamide -29:1) and 6 M urea, and placed in a 1X TBE (90 mM Tris-Borate, 2 mM EDTA) buffer solution at 180 V (250 mA) for between 5 and 12 h, depending on the fragment size of the primer alleles.
The microsatellite alleles were visualised using the methodology adapted by Bassam, Caetano-Anollés and Gresshoff (1991) . The gel was submersed in three solutions: fixative solution (10% ethanol, 0.5% acetic acid) for 15 min, impregnation solution (6mM silver nitrate) for 30 min, and finally developer solution 0.75 M NaOh 0.22% and formaldehyde 40%. The gel images were captured with the SONY DSC HX200 digital camera. Allele size was calculated using the 100 bp and 50 bp molecular-weight marker (DNA ladder -Invitrogen ® ).
The number of alleles, observed heterozygosity (Ho), expected heterozygosity (He), Shannon index and Hardy-Weinberg equilibrium (H W -p) were calculated using the PopGene 1.31 software (YEH; BOYLE; XIYAN, 1999) .
The allelic frequency and inbreeding coefficient (F IS ) for each locus was calculated using the GenePop 1.2 software (RAYMOND; ROUSSET, 1995) . Linkage disequilibrium, genetic differentiation and analysis of molecular variance (AMOVA) were determined with the Harlequin 3.1 software (EXCOFFIER; SCHNEIDER, 2005) using the Markov chain method. To demonstrate the presence of null alleles, the Micro-checker 2.2.3 software was used ( VAN OOSTERTER et al., 2004) .
RESULTS AND DISCUSSION
Of the 11 primers tested in the five groups under study, eight (Pcor01, Pcor05, Pcor08, Pcor10, Ppu01, Ppu04, Ppu09 and Ppu10) were polymorphic, and three did not amplify (Ppu02, Ppu13 and Ppu15) or were monomorphic. This might be due to genetic differentiation between the species; for even when primers are from related species (heterologous primers), as in the case of P. corruscans and P. punctifer used in the analysis of P. reticulatum, and show some degree of conservation, differences can be found in the molecular weights of the alleles or in the non-amplification of some loci (ABREU et al., 2009 ).
Comparing various studies, such as that of Saulo-Machado et al. (2011) for P. punctifer in the Amazon basin, different sizes are found for the alleles of the Ppu01, Ppu04, Ppu09 and Ppu10 primers. In addition, the Ppu02, Ppu13 and Ppu15 primers presented as polymorphic, with from 7 to 18 alleles, and did not amplify for the five groups of P. reticulatum. However, Abreu et al. (2009) , studying two groups of wild P. reticulatum, and using P. corruscans heterologous primers, found a different number of alleles in the Pcor01, Pcor05, Pcor08 and Pcor10 primers to those seen in this research.
Low values for allelic frequency were found in the Pcor01 loci for the MT-II population, with 0.0926 and 0.0741 respectively for sizes 110 and 160 bp. In the MT-I population, a low allelic frequency was seen in the Pcor05 primers for 85 bp; Pcor08 for 87, 97, 109 and 118 bp; Ppu04 for 155, 175, 195, 215 and 235 bp; Ppu09 for 170, 220, 250 and 260 bp; and Ppu10 for 120 and 150 bp (Table 1) .
It can be seen that the MT-II population had a low allelic frequency only for the Ppu09 and Ppu10 loci, seen in the 110 bp fragment at a minimum frequency of 0.02.
There was an alteration in all the loci in relation to the most frequent allele in the groups, where more than two altered alleles per loci can be seen (Table 1 ). The allelic frequency in the MS-I population ranged from 0.0179 to 0.500 respectively for Ppu09/266 and Pcor08 in fragment 83. In the MT-III population, a low frequency was seen in Pcor01/110/150/85 and 90, Pcor05/110; Pcor08/85 /87/90/92/106/109/118; Pcor10/62/70; Ppu01/95/155; Ppu04/120/155/160/205/215/255; Pu09/170/260; and Ppu10/94/110/120/140 and 160. Analysing the data shown in Table 1 , null alleles were seen in the Pcor05 loci in all groups, Pcor10 in MT-II, MT-III and MS-II, Ppu04 in groups MT-III and MS-II, and Ppu10 in MT-III only. The occurrence of null alleles is mainly due to the lack of a sequence for primer annealing, which in turn may be due to point mutations (DUFRESNE et al., 2014) and, as reported by Kordicheva et al. (2010) , the presence of null alleles resulting from genotyping errors is a very common phenomenon when analysing microsatellite molecular markers.
Only null alleles were seen in the Pcor05 loci from a total of 16 samples from the MT-I population under analysis. The observed heterozygosity ranged from 0.267 for Pcor08 to 1.00 for the Ppu04 loci, which had a total mean value of 0.684 (Table 2) H W-p 0.629 ns 0.000** 0.073 ns 0.000** 0.267 ns 0.001** 0.007** 0.002** - As the families that make up the groups of Pseudoplatystoma reticulatum from the breeding program originated in approximately 72 families taken from five distinct regions of the Midwest, the number of families in this generation may have interfered with the parameters of genetic variability. However, it should be noted that even in natural wild stock the genetic variability of Pseudoplatystoma reticulatum can be affected by various attributes, such as geographical barriers or different population structures, as mentioned by Abreu et al. (2009) who, studying two groups of Pseudoplatystoma reticulatum in the Paraguay basin, supported this hypothesis.
Considering the values obtained for genetic variability in the study in question, the method of selection used in this project, based on hierarchical mating, pedigree, animal heritability, selection and crossbreeding on the basis of the genetic values of the families in the program (RIBEIRO; LEGAT , 2008) was sufficient for the maintenance and continuity of the aquaculture breeding program.
However, inbreeding in captive stock is generally to be expected, and can be controlled in advance if animals are initially correctly selected as breeding stock (LOPERA-BARRERO et al., 2013) so that the problem does not damage breeding programs from the outset (HILSDORF; ORFÃO, 2011). If not, it can favour the bottleneck effect and the effective size of the population, as also pointed out by Lind et al. (2012) , Lopera-Barrero et al. (2010) and Ribeiro et al. (2016) .
In animals from the MT-II population, a mean value of 0.643 was seen for observed heterozygosity, with a significant difference (P<0.01) in the Hardy-Weinberg equilibrium in the Pcor05 and Pcor10 loci; a heterozygote deficiency was only seen in these loci for a mean F IS value of 0.168 for all loci. Analysing the population from the MS-I property, a total of 30 samples were found with a mean number of alleles of 6.625, ranging from four to ten alleles (Table 3) . No null alleles were found at most of the loci under analysis. There was a significant difference in the Hardy-Weinberg equilibrium in the Pcor01, Pcor05 and Ppu10 loci only, showing an excess of heterozygotes in Pcor01, with a value of -0.057.
The mean value for observed heterozygotes was 0.735, with a minimum variation of 0.444 and a maximum of 0.964 respectively for Pcor10 and Ppu09.
In the MT-III group, for a total of 65 samples, significant differences (P<0.05) were seen in the Pcor05, Pcor08, Pcor10, Ppu04 and Ppu10 loci, with a heterozygote deficiency revealed by positive values for F IS that ranged from a minimum of 0.017 to a maximum of 0.287.
For a mean total of 7.25 alleles analysed in the MS-II population, an allelic deficiency with respective values of 0.4539, 0.5468, 0.1356 and 0.0955 was seen in the Pcor05, Pcor10, Ppu04 and Ppu10 loci. The deviation in the Hardy-Weinberg equilibrium (H W -p) in the five groups of the above experiment can be attributed to various factors, among which heterozygote deficiency is important, a result of the interaction of several factors, such as the high number of alleles per locus, the presence of null alleles, inbreeding and the Wahlund effect (POVH et al., 2010; RODRIGUEZ-RODRIGUEZ et al., 2013) .
From the results shown in Table 3 , in which ten groups are defined and analysed against each other through an analysis of molecular variance (AMOVA), it can be seen that for the group comprising the five subgroups, there was greater variability within the groups than between the groups, with values for percent variance of 98.53% (F ST = 0.0147), which yielded 1.47% at a significance level of P<0.000001.
Genetic differentiation in fish is commonly seen, but with low values for F ST , due possibly to the large abundance of such stock in natural environments that generally have high cosmopolitanism and a priori no barriers to gene flow, as explained by several authors (MELO et al., 2013; SANCHES et al., 2012) .
For each combination of the groups under analysis, greater genetic variability was also seen within the groups than between groups, where the percent variance in values was greater than 96.02% (Table 3) .
Based on Nei's calculation (1973) , the results obtained for identity and genetic distance infer that there is strong evidence of the existence of groups, within which the groups are genetically more related. As such, it is possible to envisage a subdivision of the animals in groups MT-I and MT-III, a subdivision of group MT-II only, and one subdivision including groups MS-I and MS-II. Genetic identity for the groups in the MT-I/MT-III subdivision was 0.9768, with a small genetic distance of 0.0235. At the same time, the genetic groups of the MS-I/MS-II subdivision have a genetic identity of 0.9408 and a moderate genetic distance of 0.0610. The greatest divergence for all groups, of 0.1936, was seen between the animals from the MT-III and MS-I population.
These results can also be corroborated from the values for genetic distance (Table 3) and confirmed by the group dendogram (Figure 1) . A minimum genetic distance of 0.0235 was found in group II (MT-I x MS-I) and a maximum of 0.1936 in group VIII (MS-I x MT-III). It is extremely important to characterise and maintain genetic variability between the groups in the breeding program. Animals that make up the parental generation of these five groups were captured from different sub-basins of the River Paraguay, and a genetic analysis was first carried out to ensure the necessary genetic variability and divergence to initiate the Pseudoplatystoma reticulatum breeding program. The results from the differentiation and genetic distance of the five groups prove that they are subdivided into two main groups, which in turn consist of two and three subgroups (Figure 1) .
These results can support and indicate strategies for animal selection in the genetic improvement program. In order to conserve the number of families over the generations and maintain genetic variability, thereby avoiding inbreeding, these data can aid in carrying out crosses between families of the same subgroup (MT-I, II and II) and (MS-I and II), or even in crosses between the two subgroups, as described in Figure 1 .
Animals inserted in the same genetic group should be considered when forming a restricted genetic base and in selection analysis, so that future crosses between related animals can maintain genetic variability and generate an increase in the characteristics of zootechnical interest for the next generations of genetically superior animals, as highlighted in several studies (BRIÑEZ; CARABALLO; SALAZAR, 2011; MACHADO-SCHIAFFINO et al., 2007; PONZONI et al., 2010 PONZONI et al., , 2011 .
With the data obtained, selections can be made to preserve the genetic variability of Pseudoplatystoma reticulatum from the families of the genetic groups in the breeding program, with the possible strategy of mating between individuals of the two subgroups or between the groups under analysis. Finally, it is considered that microsatellite molecular markers can play a role in decision-making when monitoring the genetic variability of groups in breeding programs, helping to maintain low levels of inbreeding, and is considered a viable tool of molecular biology for aquaculture.
CONCLUSIONS
1. The five groups under study are distinct, and form two genetic groups composed of three and two subgroups respectively;
